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(57) ABSTRACT

Disclosed herein 1s an all-in-one power semiconductor mod-
ule including a plurality of first semiconductor devices
formed on a substrate; a housing molded and formed to
include bridges formed across upper portions of the plurality
of first semiconductor devices; and a plurality of lead
members 1integrally formed with the housing and electrically
connecting the plurality of first semiconductor devices and
the substrate.

According to the present invention, reliability can be
improved by increasing bonding areas and bonding strength
of semiconductor devices as well as processibilty can be
enhanced and failure 1s reduced by adjusting a step difler-
ence with respect to an arrangement and height of the
semiconductor devices. Further, a processing time resulting
from an omission of a wire bonding process 1s reduced.
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ALL-IN-ONE POWER SEMICONDUCTOR
MODULE

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent
Application No. 10-2012-0122515, filed on Oct. 31, 2012,
entitled “All-In-One Power Semiconductor Module”, which
1s hereby 1ncorporated by reference 1n 1ts entirety 1nto this
application.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to an all-in-one power
semiconductor module.

2. Description of the Related Art

As an amount of used energy increases worldwide, an
interest 1n an eflicient use of limited energy increases.
Accordingly, an inverter to which a power semiconductor
module and an intelligent power module (IPM) are applied
has been increasingly employed for an eflicient power
conversion of energy over all fields including home appli-
ances, industry, renewal energy, battlefield, eftc.

According to an expanding application of the power
semiconductor module, a market request has been further
high performance, high efliciency, high reliability, and low
expense. In particular, reliability of the power semiconduc-
tor module that 1s core parts of an inverter 1s directly related
to performance of the power semiconductor module, and
thus the reliability has been emerging as an important issue
in addition to the high performance, high efliciency, and high
reliability of the power semiconductor module.

However, 1n connection with the power semiconductor
module, the 1ssue of reliability remains unsolved. In par-
ticular, a continuous technology development has been made
to wire bonding that fails most 1n a reliability test.

The patent document disclosed 1n the following prior art
relates to a light source module having a light emitting diode
package. A description thereof will now be described in
brief.

The light source module includes a printed circuit board
(PCB) and a plurality of light emitting diode packages. Each
of the plurality of light emitting diode packages includes (1)
a light emitting chip that 1s formed on the PCB and generates
light, (2) a case including a floor unit and side walls
connected to the floor unit and accommodates the light
emitting chip, (3) first and second lead frames that are
spaced apart from each other and are electrically connected
to the light emitting chip, and (4) a dummy lead frame that
1s spaced apart from the light emitting chip and the first and
second lead frames and 1s electrically insulated therefrom.
Also, the plurality of light emitting diode packages 1s
divided 1nto a plurality of driving blocks. The light emitting
diode packages of a first driving block among the plurality
of driving blocks are electrically connected to the light
emitting diode packages of a second driving block through
the dummy lead frame.

The patent document discloses the technical construction
of electrically connecting semiconductor devices like the
light emitting chip through a lead frame 1n the light source
module including the above-described light emitting diode
packages that. However, the light source module connects a
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2

substrate and semiconductor devices through wire bonding,
which mvolves reliability, processibilty, and failure prob-
lems.

PRIOR ART DOCUMENT

Patent Document

(Patent Document 1) Korean Patent Laid-Open Publica-
tion No. 2012-0070683

SUMMARY OF THE INVENTION

The present mvention has been made m an effort to
provide an all-in-one power semiconductor module that
improves reliability by increasing bonding areas and bond-
ing strength of semiconductor devices.

Further, the present invention has been made 1n an effort
to provide an all-in-one power semiconductor module that
enhances processibility and reduces failure by adjusting a
step diflerence with respect to an arrangement and height of
semiconductor devices.

According to a first preferred embodiment of the present
invention, there 1s provided an all-in-one power semicon-
ductor module, including: a plurality of first semiconductor
devices formed on a substrate; a housing molded and formed
to 1nclude bridges formed across upper portions of the
plurality of first semiconductor devices; and a plurality of
lead members itegrally formed with the housing and elec-
trically connecting the plurality of first semiconductor
devices and the substrate.

The all-in-one power semiconductor module may further
include: a plurality of second semiconductor devices formed
on upper portions of the bridges.

The plurality of first semiconductor devices may have
different heights, and lengths of the plurality of lead mem-
bers may be adjusted 1n such a way that a step difference
with respect to the height of each of the plurality of first
semiconductor devices 1s adjusted.

-

T'he plurality of lead members may have elasticity.

-

I'he number of the plurality of first semiconductor devices
may be two, and lead members of a {first voltage input
terminal and a second voltage mput terminal may be con-
nected to the two first semiconductor devices, wherein the
lead members of a power mput terminal and the first voltage
input terminal protrude from one side of the housing, and the
lead members of a ground terminal and the second voltage
input terminal protrude from the other end of the housing.

The plurality of first semiconductor devices and the
plurality of lead frames may be molded by resin.

The housing may include: first and second side wall
members vertically disposed; and first and second bridges
disposed between the first and second side wall members
and extending from the first and second side wall members
at a right angle, respectively.

A first housing formed of the first side wall member and
the first bridge and a second housing formed of the second
side wall member and the second bridge may be diagonal to
cach other.

The lead member of the power 1nput terminal may pro-
trude from one side of the housing, the lead members of the
ground terminal and the second voltage input terminal may
protrude from another end of the housing, and the plurality
of lead members connected to the plurality of first semicon-

ductor devices may be connected to a second substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features, and advantages of
the present invention will be more clearly understood from
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the following detailed description taken 1n conjunction with
the accompanying drawings, in which:

FIG. 1 1s a cross-sectional view of an all-in-one power
semiconductor module according to a first embodiment of
the present mvention;

FI1G. 2 1s a circuit diagram of a semiconductor device used
in the all-1n-one power semiconductor module of FIG. 1; and

FIG. 3 1s a cross-sectional view of an all-in-one power
semiconductor module according to a second embodiment
of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The objects, features and advantages of the present inven-
tion will be more clearly understood from the following
detailed description of the preferred embodiments taken 1n
conjunction with the accompanying drawings. Throughout
the accompanying drawings, the same reference numerals
are used to designate the same or similar components, and
redundant descriptions thereof are omitted. Further, in the
following description, the terms “first”, *“second”, “one
side”, “the other side” and the like are used to differentiate
a certain component from other components, but the con-
figuration of such components should not be construed to be
limited by the terms. Further, in the description of the
present invention, when it 1s determined that the detailed
description of the related art would obscure the gist of the
present mvention, the description thereof will be omitted.

Hereinatter, preferred embodiments of the present inven-
tion will be described in detail with reference to the attached
drawings.

FIG. 1 1s a cross-sectional view of an all-in-one power
semiconductor module according to a first embodiment of
the present invention.

Referring to FIG. 1, the all-in-one power semiconductor
module according to the first embodiment of the present
invention may include a base plate 100, an insulation layer
200, a plurality of first substrates 310, 320, and 330, a
plurality of first semiconductor devices 410, 420, 430, and
440, a housing, and a plurality of lead members 610, 620,
630, 640, 650, 660, 670, and 680.

The 1nsulation layer 200 1s formed on the base plate 100.

The plurality of first substrates 310, 320, and 330 are formed
on the insulation layer 200.

The plurality of first semiconductor devices 410, 420,
430, and 440 are formed on the plurality of first substrates
310, 320, and 330.

The housing i1s formed 1n one end, another end, and an
upper portion of the base plate 100.

In this regard, the base plate 100 1s formed of metal or
ceramic, and the insulation layer 200 1s formed of ceramic
Or resin.

The plurality of first substrates 310, 320, and 330 may be
a RF4 printed circuit board (PCB) or a metal core PCB
(MCPCB) favorable to heat resistance.

The plurality of lead members 610, 620, 630, 640, 650,
660, 670, and 680 may be lead frames or lead plates.

The plurality of first semiconductor devices 410, 420,
430, and 440 may be insulated gate bipolar mode transistors
(IGBT) and diodes, and may be formed on the first sub-
strates 320 and 330.

In this regard, the plurality of first semiconductor devices
410, 420, 430, and 440 may have the same height or different
heights.
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4

For example, the plurality of first semiconductor devices
410, 420, 430, and 440 can be two first semiconductor

devices or can be three or more first semiconductor devices.

The housing 1s molded and formed to include first and
second bridges 520 and 540 formed across upper portions of
the plurality of first semiconductor devices 410, 420, 430,
and 440.

-

T'he lead members 630 and 640 of a power 1input terminal
and a first voltage input terminal protrude from one side of
the housing. The lead members 610 and 620 of a ground
terminal and a second voltage input terminal protrude from
another end of the housing.

In this regard, the first voltage mput terminal and the
second voltage input terminal are gates of a first IGBT 420
and a second IGBT 440, respectively, that are the first

semiconductor devices, and the ground terminal 1s an emit-
ter of the IGBT 420.

Also, the housing includes first and second side wall

members 510 and 530 and the first and second bridges 520
and 540.

The first and second side wall members 510 and 330 are
perpendicularly disposed. The first and second bridges 520
and 3540 are disposed between the first and second side wall
members 510 and 530 and extend from the first and second
side wall members 310 and 530, respectively, at a right
angle.

In this regard, a first housing formed of the first side wall
510 and the first bridge 520 and a second housing formed of
the second side wall member 530 and the second bridge 540
may be diagonal to each other.

A plurality of circuit patterns or wire patterns (not shown)
including a ground pad, an electrode pad, a via hole, etc.
used to electrically connect devices used in the all-in-one
power semiconductor module according to the present
invention or electrically connect devices and substrates may
be embedded i1n the housing (in particular, the first and
second bridges 330 and 540), 1n addition to the plurality of
lead members 610, 620, 630, 640, 650, 660, 670, and 680.

The plurality of circuit patterns or wire patterns embedded

in the housing may be electrically connected to at least one
of the plurality of lead members 610, 620, 630, 640, 650,

660, 670, and 680.
The plurality of lead members 610, 620, 630, 640, 650,
660, 670, and 680 may be integrally formed 1n the housing,

and electrically connect the plurality of first semiconductor
devices 410, 420, 430, and 440 and the plurality of first

substrates 310, 320, and 330.

Materials of the plurality of lead members 610, 620, 630,
640, 650, 660, 670, and 680 may be nickel, 1ron alloy, and
copper alloy.

In a case where the plurality of first semiconductor
devices 410, 420, 430, and 440 have different heights,
lengths of the plurality of lead members 610, 620, 630, 640,
650, 660, 670, and 680 are adjusted 1n such a way that a step
difference may be adjusted with respect to a height of each
of the plurality of first semiconductor devices 410, 420, 430,
and 440.

The plurality of lead members 610, 620, 630, 640, 650,
660, 670, and 680 may be elastic so as to prevent damage
and 1ncrease a coupling force when connecting devices or
substrates.

In a case where the number of the plurality of first
semiconductor devices 410, 420, 430, and 440 1s 2, each of
the two first semiconductor devices 410, 420, 430, and 440
1s connected to the lead members 630 and 640 of the first
voltage input terminal and the second voltage input terminal.
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The plurality of first semiconductor devices 410, 420,
430, and 440 and the plurality of lead members 610, 620,

630, 640, 650, 660, 670, and 680 arc molded by resin. In

particular, resin may be transparent resin such as epoxy resin
and silicon resin.

In connection with an operation of the power semicon-
ductor module, when power 1s supplied to the power semi-
conductor module through the power input terminal 640,
current sequentially flows through the first IGBT 420, the

first diode 410, the second IGBT 440, and the second diode
430 that are the first semiconductor devices and the first

substrate 310 through the lead members 650, 660, 670, and
680 according to a voltage mput of the first IGBT 420 and
the second IGBT 440 through the lead members 630 and 640

of the first voltage mnput terminal and the second voltage
input terminal so that the current flows through the lead
member 610 of the ground terminal.

FI1G. 2 1s a circuit diagram of a semiconductor device used

in the all-in-one power semiconductor module of FIG. 1.

Referring to FIG. 2, two IGBTs and two diodes may be
clectrically connected to each other through the plurality of
lead members 610, 620, 630, 640, 650, 660, 670, and 680
integrally formed with the housing, and two IGB'Ts may be
clectrically connected to each other in the same way.

Each IGBT includes an emitter E, a gate GG, and a collector
Each diode includes anode and cathode.

The cathode of the diode 1s connected to the emitter E of
the IGBT. The anode of the diode i1s connected to the
collector C of the IGBT. The emitter E and the collector C
are connected to two IGBTs.

FIG. 3 1s a cross-sectional view of an all-in-one power
semiconductor module according to a second embodiment
of the present invention.

Referring to FIG. 3, the all-in-one power semiconductor
module according to the second embodiment of the present
invention commonly includes the base plate 100, the 1nsu-
lation layer 200, the plurality of first substrates 310, 320, and
330, the plurality of first semiconductor devices 410, 420,
430, and 440, and a housing, compared to the all-in-one
power semiconductor module according to the first embodi-
ment of the present invention. The differences between the
first and second embodiments will now be described below.
The same description 1s replaced with the description pro-
vided above.

A lead member of a power mput terminal 630 protrudes
from one side of the housing, and lead members 610 and
620a of a ground terminal and a voltage mput terminal
protrude from the other side of the housing, respectively.

In this regard, the voltage mput terminal 1s a voltage input
terminal of the first and second IGBTs 420 and 440 that are
the first semiconductor devices.

Lead members 6205 and 620c connected to the first and
second IGBTs 420 and 440 are connected to a second
substrate 700. The second substrate 700 1s formed of the
same material as those of the plurality of first substrates 310,
320, and 330. A plurality of second semiconductor devices
810, 820, 830, and 840 are disposed as control devices 810
and 840 such as an IC and passive devices 820 and 830 such
as a resistor, an inductor, and a capacitor.

A plurality of second semiconductor devices 810, 820,
830, and 840 are formed on upper portions of bridges 520
and 540.

That 1s, the second substrate 700 i1s disposed on the
bridges 520 and 540, and the plurality of second semicon-
ductor devices 810, 820, 830, and 840 are formed on the

second substrate 700.
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The plurality of second semiconductor devices 820 and
840 are connected to the second substrate 700 through wires
910, 920, 930, and 940.

In connection with an operation of the power semicon-
ductor module, current flows to the second substrate 700
through the lead member 620a of the voltage mnput terminal
when power 1s supplied to the power semiconductor module

through the power input terminal 630. The current sequen-
tially flows through the first IGBT 420, the first diode 410,

the second IGBT 440, and the second diode 430 that are the
first semiconductor devices through the lead members 650,
660, 670, and 680 according to a voltage input of the first
IGBT 420 and the second IGBT 440 through the lead
members 6205 and 620c¢ so that the current flows through the
lead member 610 of the ground terminal.

In connection with the all-in-one power semiconductor
module according to the embodiments of the present inven-
tion, substrate and semiconductor devices are convention-
ally connected to each other by using wire bonding, which
involves a reliability problem.

However, according to the embodiments of the present
invention, lead members are used to bond substrates and
semiconductor devices without using wire bonding that
causes the reliability problem, which increases bonding
areas and bonding strength of semiconductor devices,
thereby improving the reliability problem.

Further, a housing and lead members are integrally
formed, which can enhance processibility and reduce failure
by adjusting a step diflerence with respect to an arrangement
and height of semiconductor devices as well as can reduce
processing time resulting from an omission of a wire bond-
Ing Process.

According to the present invention, reliability can be
improved by increasing bonding areas and bonding strength
of semiconductor devices as well as processibilty can be
enhanced and failure can be reduced by adjusting a step
difference with respect to an arrangement and height of the
semiconductor devices.

Further, a lead frame integrally formed with a housing can
be used to electrically connect the semiconductor devices
and a substrate or between the semiconductor devices,
thereby reducing a processing time resulting from an omis-
sion of a wire bonding process.

Although the embodiments of the present invention have
been disclosed for illustrative purposes, 1t will be appreci-
ated that the present imnvention 1s not limited thereto, and
those skilled 1n the art will appreciate that various modifi-
cations, additions and substitutions are possible, without
departing from the scope and spirit of the invention.

Accordingly, any and all modifications, variations or
equivalent arrangements should be considered to be within
the scope of the invention, and the detailed scope of the
invention will be disclosed by the accompanying claims.

What 1s claimed 1s:

1. An all-in-one power semiconductor module, compris-

ng:

a plurality of first semiconductor devices formed on a
substrate;

a housing molded and formed to 1include bridges formed
across upper portions of the plurality of first semicon-
ductor devices; and

a plurality of lead members having a portion embedded 1n
the bridges, directly bonded with the plurality of first
semiconductor devices, and electrically connecting the
plurality of first semiconductor devices and the sub-
strate,



US 9,455,207 B2

7

wherein at least one of the plurality of lead members 1s
directly connected to at least one of the plurality of first
semiconductor devices.

2. The all-in-one power semiconductor module as set
forth 1n claim 1, further comprising;: 5
a plurality of second semiconductor devices formed on

upper portions of the bridges.

3. The all-in-one power semiconductor module as set
forth 1n claim 1, wherein the plurality of first semiconductor
devices have diflerent heights, and lengths of the plurality of 10
lead members are adjusted in such a way that a step
difference with respect to the height of each of the plurality
of first semiconductor devices 1s adjusted.

4. The all-in-one power semiconductor module as set
forth 1n claim 1, wherein the plurality of lead members have 15
clasticity.

5. The all-in-one power semiconductor module as set
forth 1n claim 1, wherein the number of the plurality of first
semiconductor devices 1s two, and lead members of a first
voltage mnput terminal and a second voltage mput terminal ¢
are connected to the two first semiconductor devices,

wherein the lead members of a power input terminal and

the first voltage input terminal protrude from one side
of the housing, and the lead members of a ground
terminal and the second voltage input terminal protrude
from another side of the housing.

8

6. The all-in-one power semiconductor module as set
forth 1n claim 1, wherein the plurality of first semiconductor
devices and the plurality of lead frames are molded by resin.

7. The all-in-one power semiconductor module as set
forth 1n claim 1, wherein the housing includes:

first and second side wall members vertically disposed;

and

first and second bridges disposed between the first and

second side wall members and extending from the first

and second side wall members at a right angle, respec-
tively.

8. The all-in-one power semiconductor module as set
forth 1n claim 7, wherein a first housing formed of the first
side wall member and the first bridge and a second housing
formed of the second side wall member and the second
bridge are diagonal to each other.

9. The all-in-one power semiconductor module as set
forth 1n claim 4, wherein the lead member of the power 1input
terminal protrudes from one side of the housing, the lead
members of the ground terminal and the second voltage
input terminal protrude from another side of the housing,
and the plurality of lead members connected to the plurality
of first semiconductor devices are connected to a second
substrate.
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